Migration of small molecules through the structure of hemoglobin: evidence for gating in a protein electron-transfer reaction.
It has previously been shown that the rates and activation energies for migration molecules of different sizes through myoglobin are very similar. The results were interpreted in terms of conformational changes in the protein structure that facilitate the passage of the different molecules to a similar extent. Here we ask whether the quaternary structural changes that accompany the binding of ligands (O2 or CO) to hemoglobin might influence the migration rate from the solution into the protein's binding site. As a model for the R state of hemoglobin, we used the protein in which the Fe protoporphyrin (FePP) in the alpha subunit was substituted by Zn protoporphyrin (ZnPP) and the oxidized heme was ligated by CN-. The T state of hemoglobin was represented by the protein in which all four FePP groups were substituted by ZnPP. The quenching rate of the excited ZnPP triplet state within the hemoglobin by oxygen, methyl viologen, and anthraquinonesulfonate served as a measure of the migration rate through the protein into the binding site. It was found that the activation energies for all three quenchers were very similar and closely resembled those in myoglobin, suggesting that the migration rates are determined by the subunit structure only and that the quaternary configurational changes do not influence the quenching rates. The implications of the results for electron transfer in proteins are briefly discussed.